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Abstract Less than a decade ago, we proposed that
hybridization could serve as a stimulus for the
evolution of invasiveness in plants (Ellstrand and
Schierenbeck Proc Nat Acad Sci USA 97:7043-7050,
2000). A substantial amount of research has taken
place on that topic since the publication of that paper,
stimulating the symposium that makes up this special
issue. Here we present an update of this emergent
field, based both on the papers in this volume and on
the relevant literature. We reevaluate the lists that we
presented in our earlier paper of reports in which
hybridization has preceded the evolution of invasive-
ness. We discard a few cases that were found to be in
error, published only as abstracts, or based on
personal communication. Then we augment the list
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from examples in this volume and a supplementary
literature search. Despite the omissions, the total
number of cases has increased. Many have been
strengthened. We add a list of cases in which there
has been evidence that infra-taxon hybridization has
preceded the evolution of invasiveness. We also
provide a number of examples from organisms other
than plants. We consider how our examples suggest
mechanisms whereby hybridization may act to stim-
ulate the evolution of invasiveness. Hybridization
does not represent the only evolutionary pathway to
invasiveness, but it is one that can explain why the
appearance of invasiveness often involves a long lag
time and/or multiple introductions of exotics.

Keywords Evolution - Gene flow -
Hybridization - Invasive plants - Weeds

Introduction

In 2000, we proposed that hybridization could serve
as a stimulus for the evolution of invasiveness in
plants (Ellstrand and Schierenbeck 2000). Lineages
with a history of hybridization may enjoy one or
more potential genetically-based benefits relative to
their progenitors, such as an increase in genetic
diversity. In our original paper, we supported our
hypothesis with a list of more than two dozen
examples of plant lineages known to have become
invasive after a history of intertaxon hybridization.
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Important to our argument and occupying much of
the text of that paper was our assertion that
invasiveness could evolve. For example, if hybrid-
derived genotypes enjoy increased fitness compared
to parental genotypes, that alone could play the
causative role in the appearance of invasiveness
(Ellstrand and Schierenbeck 2000). Although we
were not the first to propose the evolution of
invasiveness (e.g., Blossey and Notzold 1995), the
idea was controversial enough to defend. But now,
the idea that invasiveness can sometimes result from
evolutionary change is no longer controversial (Lee
2002; Lambrinos 2004; Schierenbeck and Ainouche
2005; Suarez and Tsutsui 2008).

Hybridization as an evolutionary stimulus for
invasiveness has given life to a new field of study.
Our original paper, about 7 years old at the time of
this writing, has been cited 332 times (Google
Scholar; verified 28 April 2008). The burgeoning
interest in the topic catalyzed the creation of a
symposium at the 2006 Annual Meeting of the
Botanical Society of America. Most of the papers in
this volume are derived from that symposium. They
present examples of the current state of the field that
is moving beyond simple documentation to experi-
mental and descriptive verification and hypothesis
testing about how invasiveness evolves in lineages
with a hybrid history.

Indeed, in the past few years a considerable
amount of research has been conducted on the topic
of hybridization as a catalyst for invasive evolution
not only in plants, but other organisms as well.
Several new plant examples have been found. Also,
some of the examples reviewed in our prior paper
have been the object of more thorough research that
has confirmed their hybrid origin (e.g., Hegde et al.
2006). In a few cases, more thorough study has
revealed that the hypothesis of hybrid origin is in
error (e.g., Houghton-Thompson et al. 2005; Burger
et al. 2006). In addition, there are a growing number
of studies finding evidence of intra-taxon hybridiza-
tion preceding the evolution of invasiveness (e.g.,
Culley and Hardiman 2008).

We define “intertaxon hybridization” here as
gene flow, either bi- or unidirectional, between two
named taxa, at any taxonomic level and including
species, subspecies, variety, or forma. We view
“intrataxon hybridization” as gene flow among
populations of a single taxon at the species level
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or below. Hybridization occurs along a continuum
of genetic separation from the population to the
species level. Significant differentiation varies with
both time and the idiosyncrasies of evolutionary
processes subsequent to allopatry, resulting in
unrecognized strong population genetic structure in
some cases and named taxonomic entities in others.
Despite the sometimes unnatural basis of human-
created taxonomic definitions (Levin 1979), hybrid-
ization and its accompanying evolutionary processes
have been accelerated by anthropogenic actions. In
the last few centuries, human transport and com-
merce have moved plants over long distances at
unprecedented rates, leading to increasing opportu-
nities for hybridization.

Here we review what is currently known regarding
the topic. We reevaluate and augment the examples
presented in our 2000 paper. Next, we use our new
dataset to give insight into the mechanisms by which
invasiveness may evolve. Finally, we examine
recently published cases suggesting that hybridization
between previously isolated populations of the same
species has also lead to the evolution of new
invasives.

Materials and methods

We sought well-documented examples of the evolu-
tion of invasiveness in plants after a spontaneous
hybridization event. Our starting point was our list of
examples in our 2000 paper. In order to be consistent,
we use the same criteria but we removed cases
subsequently found to be in error and then augmented
our new list with a literature search.

We used the following criteria for choosing our
examples:

(i) More evidence than intermediate morphology
must be available to support the hybrid origin
of the invasive lineage. Intermediate morphol-
ogy does not necessarily support the hypothesis
of hybridity (Rieseberg and Ellstrand 1993).
Species-specific genetically based traits such as
chromosomes, isozymes, and/or DNA-based
markers provide more reliable evidence for
hybrid parentage. The hypothesis also can
receive support from comparison of artificially
synthesized hybrids with the putative



Hybridization and the evolution of invasiveness in plants and other organisms 1095

spontaneous hybrids or from the relative sterility
of the putative hybrids compared with that of the
parental species.

(i) The hybridization event preceding the evolution
of invasiveness must be spontaneous. Many
artificial hybrids, especially ornamentals, have
escaped from cultivation to become naturalized
invasives (e.g., certain mints, comfrey, poplars,
and watercress; cf. ref. Stace 1975).

(iii)) The hybrid derivatives must be established as
a novel, stabilized lineage and not simply as
transient, localized hybrid swarms. In some
cases, genetic or reproductive mechanisms
may stabilize hybridity (e.g., allopolyploidy,
permanent translocation heterozygosity, aga-
mospermy, and clonal spread; cf. ref. Grant

1981). Some hybrid derivatives have become
new, reproductively isolated, recombinant
species. In other cases, introgression may be
so extensive that the hybrid lineage swamps
out one or both of its parents, becoming a
coalescent complex.

(iv) The new lineage must exhibit invasiveness. For
the purposes of our analysis, we define inva-
sive populations as those that are capable of
colonizing and persisting in one or more
ecosystems in which they were previously
absent. The minimal criterion of invasiveness
for our hybrid derivative is that it must replace
at least one of its parental taxa or occupy a
habitat in which neither parent is present. We
hold to this criterion for those few cases in
which one parent is itself invasive. We recog-
nize that this definition is highly restrictive, but
it sets a clear limit so that we are not tempted to
“pad” our list. We recognize that the real
definition of invasiveness is much broader, but
one that is “fuzzy” for the purpose of our task
here.

(v) We strengthened our list of examples compared
to our earlier analysis by excluding those cases
published only as abstracts or based solely on
personal communication.

We did not restrict ourselves to examples of
hybridization involving one or more non-natives,
because the evolution of invasiveness by hybridi-
zation should be independent of the geographical
source of the parental material. Despite the fact that

our literature search is thorough, we caution that our
list may be far from exhaustive, especially because
the field is now lively, and new studies are arriving at
an increasing pace.

Results and discussion

Our 2000 paper included 28 examples in which
hybridization preceded invasiveness, four have been
eliminated due to lack of support and 11 new
examples have been added. In addition, eight exam-
ples have been bolstered by new data. In all, we
found 35 examples representing 16 plant families in
which hybridization preceded invasiveness; these
examples are detailed in Tables 1 and 2. Examples
of invasive lineages with a putative hybrid origin
(e.g., Lonicera x bella and Oenothera wolf-
ii X Oenothera glazioviana) were removed because
they did not sufficiently meet our criteria, mostly
because only morphology has been offered to support
their hybridity.

For some of our examples, the hybrid-derived
lineage has achieved a taxonomic epithet (Table 1).
In other cases, a new invasive lineage has been
identified and studied but not yet named, to our
knowledge (Table 2). In the associated Tables, we
give the parental taxa, plant family, the hybrid
derivative’s habit, its site of origin, and the nature
of the evidence supporting a history of hybridization
for the new lineage. We give one or two good
supporting references for each example. In many
cases, the best reference is an article or review that
cites many supporting sources of empirical research.
Finally, we present how the novel lineage is main-
tained and indicate the scope of its invasiveness.

Despite discarding the weak or disproven cases
presented in our earlier article, our new list represents
about a 30% increase in examples in less than a
decade. The trends that we identified from our
original list tend to be reinforced in our new sample.
Most of our examples are herbaceous and most are
perennial. As noted by Grant (1981) and in our
original paper these characteristics are frequently
correlated with a tendency for frequent spontaneous
hybridization.

In our previous paper (Ellstrand and Schierenbeck
2000) we suggested and discussed four different
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mechanisms that could contribute to the evolution of
invasiveness in hybrid-derived lineages:

(1) Evolutionary novelty

(2) Increased genetic variation
(3) Fixed heterosis

(4) Dumping genetic load

Although these mechanisms are not fully mutually
exclusive, how a lineage is stabilized may give a clue
to which of these are more likely.

Interestingly, a high frequency (ca. 80%) of the
unnamed hybrid-derived invasive lineages listed in
Table 2 has stabilized via more-or-less freely recom-
bining coalescent complexes. Option 3, fixed
heterosis, cannot be a mechanism for these cases. In
contrast, list of novel in Table 1, named hybrid-
derived invasive taxa is dominated by cases in which
allopolyploidy and/or clonal growth are the modes of
hybrid stabilization.

Why the difference between the two groups? One
possible explanation is that the parents of the
examples in Table 2 may be more closely related
hybridizing taxa than those in Table 1. Isolating
barriers are weak or non-existent. Those hybrid
lineages can intermate with their parents. But, for
evolutionarily well-differentiated taxa, isolating bar-
riers are much stronger. Hybrids are often highly
sterile. Allopolyploidy and clonality would stabilize
lineages that would suffer sterility as F1 hybrids
while fixing hybridity and novelty (Grant 1981) and
as demonstrated in the case of Spartina anglica
(Ainouche et al. 2008). In virtually all of our
examples in both Tables, and consistent with Ander-
son’s (1948) prediction that hybrids will perform
better in disturbed habitat, invasive hybrid lineages
are most persistent in human altered environments.

Overcoming self-incompatibility through hybrid-
ization has resulted in the establishment of invasive
genotypes in three examples presented in this special
issue. The genetic material to alleviate allelic
incompatibility developed via interspecific hybrid-
ization in Spartina (Sloop et al. 2008) and through
intervarietal hybridization between graft and root-
stock in abandoned orchards of Pyrus (Culley and
Hardiman 2008). Senecio squalidis, a diploid, hybrid
and self-incompatible species, is the parent to three
additional species via hybridization with a native
self-compatible species, S. vulgaris (Abbott et al.
2008). Conversely, there are likely fewer chances for

@ Springer

hybridization in predominantly selfing taxa. Whether
hybridization is a lesser threat in invasive taxa that
are predominantly selfing due to their potential for
outbreeding depression remains to be tested. Recent
theoretical (Taylor and Hastings 2005) and empirical
studies (Taylor et al. 2004) have demonstrated the
importance of Allee effects (mate shortage, self-
incompatibility) in the dynamics of biological
invasions.

Table 3 provides examples of intraspecific hybrid-
ization that have resulted in invasive genotypes.
Novel genotypes can be created via the mating of
repeatedly introduced cultivars bred for divergent
agronomic or horticultural traits (e.g., Phalaris
arundinacea, Pyrus calleryana). Likewise, invasive
lineages have been shown to be simply the result of
fortuitous mating among individuals that evolved in
geographically separated, genetically differentiated
populations (e.g., Schinus terebinthifolius).

A growing number of other studies suggest a
possible relationship between intraspecific hybridiza-
tion and invasiveness. Many of these systems are
worth further exploration (e.g., Alliaria petiolata
(Durka et al. 2005), Avena barbata (Latta et al.
2007), Centaurea diffusa (A. Blair, personal commu-
nication), Cirsium arvense (Slotta et al. 2006),
Passiflora alata (Koehler-Santos et al. 2006), and
Phragmites australis (L. Meyerson, personal
commuincation).

Evolution of invasiveness can arise from mecha-
nisms other than hybridization. In certain cases,
researchers have sought hybridization as a potential
cause of invasiveness but no evidence of hybridiza-
tion was found. For example, California’s recently
evolved weedy rye had been thought to be an
interspecific hybrid between cultivated rye, Secale
cereale, and a wild perennial, S. montanum (Suneson
et al. 1969). However, Burger et al. (2006) conducted
a genetic analysis of Secale individuals at 17
molecular loci, comparing the weedy populations
with their putative parents. They found no evidence
for an interspecific hybrid origin for weedy California
rye. Rather they found evidence for a monophyletic
origin from the cultivated species. Likewise, some
studies have found no evidence of intraspecific
hybridization. Wolfe et al. (2007) experimentally
tested whether intraspecific hybridization could
account for evolution of invasiveness in North
American populations of Silene latifolia. They



1099

Hybridization and the evolution of invasiveness in plants and other organisms

dAnRU-UOU SAYIUBIS .,

Anuys renaed 1o [[nf § ‘VNC 2[[eue3Io 0 ‘YN Ied[onu A ‘sioyrew [edi3ojoydiowr paseq-A[[eonouasd py ‘SOWAZOoSI J ‘[8d130[0J40 ) ‘SISQUIUAS [RIOYIIE SV

S1S210J xo[dwoo DUD[-YODQUIYDIIALA
panjjod Surpeauy JUAdSAEOD)  (6661) ‘T8 19 JJJNON N ‘D oadomyg QIoY [eIuudIdg QBAIR[OIA X DUDIUIALL D]OIA
‘S ur xordwoo
odKyouad xuvun | JUIISI[BOD (8002) Ssuauiyd
UOWWOD SO ‘UIMOIS [eUO[)  JOWIZEY pue upsen N  eouowy ‘N Q9I], orodEBOLIBWIR], MON X DUISSISOUDA XLIDWD,],
xordwoo
syuared JUIISI[BOD (8002) 'T& 3o dools pso1jof *§ X  pAoYiuidyp
yloq Suerdoy  ‘yImoIs [euo[d (H007) Te R SAIAY O N ‘N D 'SV BOLIOWY "N SSBIS [eruuaIdd ELERLE puipdg
ysIew-jes JouLIo)-jew BIOR psooynif "§ x Smuaiad
® 19A0 Sunfe], ymois reuo)  (g007) ‘Te 30 eoran3ig N odomyg Teruuarad Apoopy  -1podousy) MIN DIULOIOIADS
(€000) p2SUIIGMDIDD Y
xo[dwoo ‘Te 12 1oqqV (0002) X umonuod
QAISBAUL SNOTXON JUISI[BOD) 110qQqVy pue QufIA O° odoing qloy [eIuuaIg JeadROLIg UOLPUIPOPOYY
sjuared xo1dwoo SNAYDS Y
y1oq paoejdar ‘poopy JUISI[LOD) (90027) ‘Te 12 9p3oH SID‘SY  ®Bouawy ‘N QoY [ENUUY ~ QBAOROISSBIG BB QIO X unigsiunydpisnuvydpy
Spoom vauvjuods
[eIM[NoLISe ISIoM xo1dwoo (S002) ‘dss s ‘O X payps
S pHIom Yy} Jo duQ JUQISI[BOD) [9ssa10) ur s1adey) W T BISY sse1d [enuuy ELERE MON ‘dss payvs v2£10
x9rdwod wmoL]1 O
PIM Juadsaeo) (6661) 8 19 UO[UBH O N BI[RNSNY qloy [eruuaIog JBIOBIASY X Wniyunon wnpiodou))
GJumund py
x uinjidydolajay
poam onenby ymois euo[) (g0Og) ST pue ApoojN O ‘N ®ouowy N qIoy [eruuaIdd Qeooe3eIoleH MON wnydoripy
(S000)
‘[B 19 YO9qUAIAIYDS
Juored (L661) SISUANIYD *) X  S1Np2
quo Juroedoy yImoi3 [euo[) ‘Te 19 1oy3e[en O ‘1‘SY ®ouawy ‘N qloy [eruuaIog QBAO0ZIY  EJep IO snjoiqodin)
puniriput “dss a g
199q poom,, x9rdwod (200Q) 'Te 19 pIeip JeooR X SLUDSINA
snowrejur s adoing Juadsareo)  (S007) ‘T8 10 ddoyng O‘NTD odoing qIoy [enuuy  -ipodouay)  BIEp QIO ‘dss supsna viog
K3oroydiowr ur3Lo a3eour| L0002
puokaq a3eaur| pLqAy SH 01
SSOUOAISBAU] ¢ PIZI[Iqels MOH (5)Joy QAn-vjuasardoy QouopIAg Jjo g Jo nqey Aque  paredwo) exe) Juared

UONBZIPLIGAY UOXBIIUI IS}JE POA[OAD JBy) SOSBAUI] SAISEAU] ¢ J[qe],

pringer

as



1100

K. A. Schierenbeck, N. C. Ellstrand

Table 3 Invasive lineages that evolved after intrataxon hybridization
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Invasiveness

How stabilized?

Ref.

Habit of Site of Evidence
beyond

Family

Derived invasive lineage

lineage’s
origin

hybrid lineage

morphology

Forms dense stands

Coalescent complex

Lavergne and Molofsky (2007)
Culley and Hardiman (2008)

1

North America

Poaceae Perennialgrass

Phalaris arundinacea

Rapidly spreading

Coalescent complex

N

North America

Tree

Rosaceae

Pyrus calleryana

that has overcome

self-incompatibility

Forms dense,

Coalescent complex

Florida N, O Williams et al. (2005)

Tree

Anacardiaceae

Schinus terebinthifolius

monospecific

stands

AS artificial synthesis, C cytological, I isozymes, M genetically-based morphological markers, N nuclear DNA, O organelle DNA, S full or partial sterility

created interpopulation hybrids and grew them in a
common garden with plants from within-population
crosses. They found no differences in size, reproduc-
tive output or survival. Molecular genetic analysis
has sought but not supported intraspecific hybridiza-
tion in invasive populations of Clidemia hirta in
Hawaii (DeWalt and Hamrick 2004) and Ligustrum
robustum in the Mascarene Islands (Milne and Abbott
2004).

Ellstrand and Schierenbeck (2000) cautioned that
hybridization may be only one of many possible
explanations for invasive ability. In this volume,
Whitney et al. (2008) have tested this relationship
explicitly by asking whether plant families more
prone to hybridization (Ellstrand et al. 1996) contain
a correspondingly high number of invasive species.
In their extensive analysis of four regional floras and
two global databases, they found that plant families
prone to hybridization do not contain more invaders
than those families not prone to hybridization. The
lack of correlation between hybridization and inva-
siveness in a phylogenetic context emphasizes the
idiosyncratic nature of invasive species in their new
range.

Human-mediated movement of propagules around
the globe has resulted in the hybridization of all kinds
of organisms, not just plants, creating a full taxo-
nomic array of newly evolved invasives. Some of the
most dramatic non-plant examples of evolution of
invasiveness after hybridization among historically
allopatric taxa are detailed in Table 4. Clearly, the
lessons that can be learned from plants can apply to
other pest organisms, including those that cause
disease.

Management implications and research needs

There is little doubt that hybridization is an important
evolutionary mechanism in plants. The concern
regarding hybridization and the subsequent evolution
of invasiveness is not whether it can happen, but the
speed with which humans accelerate this evolutionary
process. Human mediated gene flow between cong-
eners or conspecific populations is a form of biotic
homogenization both at the genetic and community
level (Olden et al. 2004). However, little is known
about how non-native taxa or the spread of their
foreign alleles to native taxa may affect local
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Table 4 Invasive non-plant lineages that evolved after inter- or intra-taxon hybridization

Invasiveness

How stabilized?

References

Evidence
beyond

Division/
Phlyum

Parent taxon or taxa

Derived lineage

morphology

Coalescent complex “Highly invasive”

Kolbe et al. (2004)
Pinto et al. (2005)

N
N
N

Chordata

Intrataxon hybridization

Anolis sagrei

Coalescent complex Infamous Africanized bees

Arthropoda

Intrataxon hybridization

Apis mellifera

Infamous Mediterranean

Durand et al. (2002;) Clonal growth

Chlorophyta

Intrataxon hybridization

“Invasive variety” of Caulerpa

seaweed

but see Nuber
et al. (20070
Facon et al. (2005)

racemosa

Pantropical invasive; “hybrid

Parthenogenesis

N, O

Mollusca

Intrataxon hybridization

Melanoides tuberculata

lines have outcompeted their
parents in natural habitats”

Novel disease organism

Mostly clonal

Smoot et al. (2002)

Bacteria

Haemophilus

The F3031 Brazilian purpuric

recently evolved from a

influenzae x another genus

fever clone of Haemophilus

relatively benign organism

influenzae biogroup Aegyptius

“New, aggressive

Brasier et al. (1999) Heteroploidy

N

Oomycota

“P. cambivora-like

Phytophthora new sp.

Phytophthora pathogen of
alder trees in Europe”

species” x “an unknown

taxon similar to P. fragariae”

adaptation of a species, community composition, or
ecosystem function (Levine et al. 2003), even for the
most dramatic invasions (Dukes and Mooney 2004;
but see Brusati and Grosholz 2006). The role of gene
flow from non-native populations in changing eco-
system relationships has not been examined
(Sweeney et al. 2004).

The human-mediated movement of non-native
plant genotypes is particularly important at the
interface of the urban/natural environment. One of
the common sources of introduced species that
impact native ecosystems are plants intentionally
introduced for ornamental and other horticultural
purposes (Anderson et al. 2006). Despite the
acknowledgement that many popular horticultural
species readily hybridize with their native congeners,
until very recently, there has been little regard for
their genetic impact to native taxa or the invasive
ability of their hybrid offspring. For example,
hybridization is occurring between cultivars and their
native counterparts within the genera Quercus, Pyrus,
Acer, Malus, Platanus, and Cornus (Culley and
Hardiman 2008; Coart et al. 2003; Petit 2004).
Ecological, genetic, and evolutionary study of such
systems will provide baseline information about the
generality of problems caused by hybridization
between exotics and natives. In particular, the rate
at which horticultural genotypes and their hybrid
derivatives invade native populations will provide
new insights into both the immediate as well as the
long term impacts human activities within urban and
suburban areas may have on the genetic structure of
populations in surrounding wildland areas.

Understanding the importance of fitness effects
across spatial scales first requires the identification of
genomic differences and an assessment of their
geographic dispersion (Cronn and Wendel 2004).
Olden and Rooney (2006) emphasize the need for the
documentation of taxonomic homogenization by
tracking taxa through space and time. The distribu-
tion of genetic variation in populations of invasive
species, and the relative invasiveness of different
genotypes remains elusive with few definitive studies
outside of agricultural systems (but see Saltonstall
2003; Gaskin and Schaal 2002; Gaskin and Kazmer
2008; Sloop et al. 2008). Of particular need in
understanding the dynamics of adaptation and spread,
is an assessment of the molecular population genetics
of regulatory loci (Purugganan 2000). Natural
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selection on phenotypic variants, which will be
considerable in generations after interspecific hybrid-
ization, may provide positive feedback on spread rate
(Hall et al. 2006). More effective management will be
improved through an assessment of the vulnerability
of developmental stages and the susceptibility of
different genotypes to management regimes.

Important questions remain regarding interactions
among the genetic, environmental, and anthropogenic
phenomena responsible for the spread of invasive
hybrid genotypes. The information gained is of both
practical and basic significance. For example, deter-
mining the population genetic structure of chloroplast
and nuclear alleles for most invasive plant hybrid
lineages can be used to estimate the relative contri-
butions to migration by pollen versus that by seed
(e.g., Ennos 1994; McCauley 1997). Managers can
use such information to determine whether a wave of
invasion is due primarily to seed or recurrent
hybridization.

Significant advances have been made in modeling
the likelihood of hybrid formation, differential rates
of spread among hybrid genotypes, and the impact of
hybridization on the genetic structure of populations
(Hall et al. 2006). Hall and Ayres (2008 not in
references) provide a summary of recent advances
and needs in the development of predictive models
for invasive species. Notably needed is the develop-
ment of models on which to base management
strategies when there is a pair of native and non-
native species hybridizing at multiple locations.

Hybrid genotypes originating from native and non-
native populations present a major obstacle for
managers particularly in the context of biological
control, yet no models have been developed for this
scenario. For example, despite the presence of two
introduced moth species on introduced Salsola tragus
that were experimentally established as effective
biocontrol agents, they are ineffective in controlling
the invasive genotypes (Ayres et al. 2008). Similarly,
the leaf-feeding chrysomelid beetle provides effective
control of some populations of saltcedar, but not
others (Gaskin and Kazmer 2008).

The role of soil seedbanks as a source of genetic
material that may result in hybridization between
previously allopatric populations has not been ade-
quately addressed in plant invasions. Seed dormancy
is an adaptive trait and although dormancy periods
are well-described for many agricultural weeds

@ Springer

(Baskin and Baskin 1998; Dekker 1997, 1999),
virtually nothing is known about the importance of
this trait or whether it is important for the introduc-
tion of novel genetic diversity in invasive plant
species. Seed viability for Cytisus scoparius can be as
long as 60 years; a 2- or 3-year old plant can produce
up to 18,000 seeds/year (Parker and Kareiva 1994).
Thus, gene flow from seed banks may be consider-
able. Chromolaena odorata (triffid weed), a shrub
native to the neotropics and invasive throughout the
Pacific Islands, is quite aggressive and even the
occurrence of an occasional seedling 6 years past an
eradication effort may provide a mechanism by
which to introduce genetic variation not previously
found in native populations (Waterhouse and Zeimer
2000).
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